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The  behaviour  as  the  potential  negative  electrode  in  lithium-ion  batteries  of  graphite-like  materials  that 
were  prepared  by  high  temperature  treatment  of  unburned  carbon  concentrates  from  coal  combustion  fly 
ashes  was  investigated  by  galvanostatic  cycling.  Emphasis  was  placed  on  the  relation  between  the  struc¬ 
tural/morphological  and  electrochemical  characteristics  of  the  materials.  In  addition,  since  good  electrode 
capacity  retention  on  cycling  is  an  important  requirement  for  the  manufacturing  of  the  lithium-ion  bat¬ 
teries,  the  reversible  capacity  provided  by  the  materials  prepared  on  prolonged  cycling  (50  cycles)  was 
studied  and  the  results  were  compared  with  those  of  petroleum-based  graphite  which  is  commercial¬ 
ized  as  anodic  material  for  lithium-ion  batteries.  The  graphite-like  materials  prepared  lead  to  battery 
reversible  capacities  up  to  ~310mAhg~1  after  50  cycles,  these  values  were  similar  to  those  of  the  ref¬ 
erence  graphite.  Moreover,  they  showed  a  remarkable  stable  capacity  along  cycling  and  low  irreversible 
capacity.  Apparently,  both  the  high  degree  of  crystallinity  and  the  irregular  particle  shape  with  no  flakes 
appear  to  contribute  to  the  good  anodic  performance  in  lithium-ion  batteries  of  these  materials,  thus 
making  feasible  their  utilization  to  this  end. 
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1.  Introduction 

Graphite  with  relatively  high  specific  capacity,  high  cycling  effi¬ 
ciency  and  low  irreversible  charge  are  nowadays  the  choice  of  a 
majority  of  the  commercially  available  lithium-ion  batteries  which 
are  currently  the  energy  source  for  most  of  the  portable  electronic 
devices  [1  ].  The  global  demand  for  mobile  energy  storage  systems 
such  as  lithium-ion  batteries  are  expected  to  grow  due  to  the  manu¬ 
facturing  of  the  electric  vehicles,  thus  affecting  the  graphite  market 
both  in  terms  of  production  and  price  [2]. 

The  production  of  graphite  involves  the  selection  of  carbon 
materials  that  graphitize  readily.  Currently,  petroleum  coke  is  used 
as  the  main  precursor  material  in  the  manufacturing  of  synthetic 
graphite  [3].  Different  factors,  however,  have  drawn  the  researcher 
interests  towards  the  study  of  other  alternative  precursors.  Among 
the  different  classes  of  coal,  anthracites  can  graphitize  when  heated 
at  temperatures  above  2000  °C  [4].  Thus,  materials  with  structural 
characteristics  similar  to  those  of  oil-derived  graphite  were  pre¬ 
pared  from  anthracites  by  high  temperature  treatment  [4-8].  The 
electrochemical  performance  as  the  potential  negative  electrode 
in  lithium-ion  batteries  of  graphite  materials  obtained  from  Span¬ 
ish  anthracites  was,  then,  investigated  by  galvanostatic  cycling  [9]. 
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Excellent  battery  cyclability  as  well  as  low  irreversible  charge  was 
attained  by  using  these  materials.  In  the  other  hand,  in  previous 
works  [  1 0,1 1  ],  unburned  carbon  concentrates  from  anthracite  com¬ 
bustion  fly  ashes  showing  carbon  contents  of  >90%  and  lamellar 
microtexture  were  heated  to  explore  their  ability  to  graphitize. 
By  using  HRTEM,  several  stricto  sensu  graphite  structures  with  a 
very  high  degree  of  layers  parallelism  ( d002  value  of  0.3356 nm) 
and  directly  measured  Lc  and  La  values  up  to  60  nm  and  350  nm, 
respectively,  were  found  in  the  materials  prepared  at  2600-2700  °C 
[11].  Since  the  reversible  electrochemical  intercalation  of  lithium 
in  graphite-like  materials  is  known  to  depend  on  their  degree  of 
structural  order  [9,12-15],  these  results  encouraged  us  to  study 
the  performance  of  coal  fly  ashes  unburned  carbon-based  graphite 
materials  as  electrodes  in  lithium-ion  batteries. 

Although  it  is  beyond  the  scope  of  this  paper,  it  has  been  con¬ 
sidered  worthy  to  mention  that  fly  ashes  are  the  main  solid  wastes 
generated  in  coal  combustion  plants  with  a  total  production  only 
in  the  USA  in  2007  amounting  to  ~70  x  106t  [16],  their  disposal 
causing  several  economic  and  environmental  problems  worldwide. 
Since  their  reuse  in  the  production  of  concrete  and  cement  (the 
main  route  of  coal  fly  ash  utilization)  is  limited  by  the  proportion  of 
unburned  carbon  present,  the  separation  and  further  utilization  of 
this  carbon  material  as  a  precursor  for  value-added  products  such  as 
graphite  would  contribute  to  offset  the  above  mentioned  problems. 

In  the  work  described  in  this  paper,  the  behaviour  as  the 
potential  negative  electrodes  in  lithium-ion  batteries  of  graphite 
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materials  of  different  degree  of  structural  order  that  were  prepared 
by  high  temperature  treatment  of  unburned  carbon  concentrates 
from  coal  combustion  fly  ashes  was  investigated  by  galvanostatic 
cycling.  Emphasis  was  placed  on  the  relation  between  the  structural 
and  electrochemical  characteristics  of  the  materials.  The  interlayer 
spacing,  d0  o  2 .  and  crystallite  sizes  along  the  c  axis,  Lc,  and  the  a  axis, 
La ,  calculated  from  X-ray  diffractometry  (XRD)  as  well  as  the  rela¬ 
tive  intensity  of  the  Raman  D-band,  ID/It,  are  used  in  this  study  to 
assess  the  degree  of  structural  order  of  the  graphite  materials.  Both 
XRD  and  Raman  spectroscopy  techniques  have  been  extensively 
used  in  the  structural  characterization  of  carbon  materials  [17-19]. 
In  addition,  since  good  electrode  capacity  retention  on  cycling  is  an 
important  requirement  for  the  manufacturing  of  the  lithium-ion 
batteries,  the  reversible  capacity  provided  by  the  materials  pre¬ 
pared  on  prolonged  cycling  (50  cycles)  was  studied  and  the  results 
were  compared  with  those  of  petroleum-based  graphite  which  is 
currently  commercialized  as  anodic  material  for  lithium-ion  bat¬ 
teries. 

2.  Materials  and  methods 

2. Unburned  carbon  concentrates:  source,  preparation  and 
designation 

Three  unburned  carbon  concentrates  denoted  A/CVP,  B/CIQ1 
and  B/CIQ5  were  prepared  from  A  or  B  pulverized  coal  combus¬ 
tion  fly  ashes  (mainly  fed  with  anthracites)  as  follows:  A/CVP  by 
screening  out  the  <80  pan  fraction,  and  B/CIQ1  and  B/CIQ5  fol¬ 
lowing  an  oil  agglomeration  methodology  described  previously 
[20]  by  using  a  waste  vegetable  oil  at  concentrations  of  1  and 
5  wt.%,  respectively.  Unburned  carbon  contents  of  54.64, 78.35  and 
68.02  wt.%  were  determined  for  A/CVP,  B/CIQ1  and  B/CIQ5  con¬ 
centrates,  the  elemental  carbon  percentages  being  >95,  >98  and 
>99  wt.%,  respectively  [10]. 

2.2.  High  temperature  treatments  of  the  unburned  carbon 
concentrates 

The  high  temperature  treatments  of  the  A/CVP,  B/CIQ1  and 
B/CIQ5  were  carried  out  at  1800,  2000,  2200,  2300,  2400,  2500, 
2600  and  2700  °C  in  a  XERION  graphite  electrical  furnace  for  1  h 
under  argon  flow.  The  heating  rates  were  25°Cmin-1  from  room 
temperature  to  1000°C,  20°Cmin-1  in  the  range  1 000-2000  °C 
and  10°Cmin-1  from  2000  °C  to  the  prescribed  temperature.  The 
graphite  materials  thus  prepared  were  identified  by  the  precur¬ 
sor  (unburned  carbon  concentrate)  designation,  and  the  treatment 
temperature,  such  as  A/CVP/2400  or  B/CIQ1//2600. 

2.3.  Structural,  morphological  and  textural  characterization: 

XRD,  Raman  spectroscopy,  SEM  and  nitrogen 
adsorption/desorption  isotherms 

The  diffractograms  were  recorded  in  a  Bruker  D8  powder 
diffractometer  equipped  with  a  gobel  mirror  in  the  incident  beam 
and  a  parallel-slits  analyzer  in  the  diffracted  beam.  Diffraction  data 
were  collected  by  step  scanning  with  a  step  size  of  0.02°  20  and  scan 
step  3  s.  For  each  sample,  three  diffractograms  were  obtained,  using 
a  different  representative  batch  of  sample  for  each  run.  The  mean 
interlayer  spacing,  d0 02.  was  evaluated  from  the  position  of  the 
(0  0  2)  peak  applying  Bragg’s  equation.  The  mean  crystallite  sizes, 
Lc  and  La,  were  calculated  from  the  (0  0  2)  and  (110)  peaks,  respec¬ 
tively,  using  the  Scherrer  formula,  with  values  of  K=  0.9  for  Lc  and 
1.84  for  La  [21  ].  The  broadening  of  diffraction  peaks  due  to  instru¬ 
mental  factors  was  corrected  with  the  use  of  a  silicon  standard. 
Typical  standard  errors  of  the  XRD  parameters  are  <1%  and  <4%  of 
the  reported  values  for  Lc  and  La,  respectively;  the  d0 02  values  are 


much  more  precise,  with  standard  errors  of  <0.01%.  Raman  spectra 
were  obtained  in  a  Raman  microspectrometer  HR  800  Jobin  Yvon 
Horiba  as  described  previously  [9].  The  intensity  I  of  the  Raman 
bands  was  measured  using  a  mixed  Gaussian-Lorentzian  curve¬ 
fitting  procedure.  The  relative  intensity  of  the  Raman  D-band  ID/It 
was  calculated  with  standard  errors  lower  than  8%.  The  commercial 
SG  synthetic  graphite  was  also  analyzed  for  comparative  purposes. 

The  materials  surface  morphology  were  analyzed  with  scanning 
electron  microscopy  (SEM)  using  a  Zeiss  DMS-942  microscope. 

Nitrogen  adsorption/desorption  isotherms  were  measured  at 
77  K  in  a  Micromeritics  ASAP  2420,  after  outgassing  the  samples 
at  250  °C.  The  specific  surface  area  and  the  pore  volumes  were 
calculated  by  applying  the  BET  method  to  the  respective  nitrogen 
adsorption  isotherm. 

2.4.  Cell  preparation  and  electrochemical  measurements 

For  the  electrochemical  measurements,  two-electrodes 
Swagelok-type  cells  were  used.  Metallic  lithium  discs  of  12  mm 
diameter  were  the  counter-electrodes.  The  working  electrodes 
were  prepared  by  mixing  the  active  material  (92  wt.%)  and  PVDF 
binder  (8  wt.%)  in  l-methyl-2-pirrolidone  solution.  All  of  the 
materials  prepared  were  ground  to  20fxm  top  size  prior  the 
electrode  preparation.  The  slurry  was  deposited  on  a  copper  foil 
of  12  mm  diameter  by  airbrushing  to  obtain  a  thin  and  uniform 
surface  coating,  and  then  was  vacuum  dried  at  120°C  for  20-24  h. 
Finally,  it  was  hydraulically  pressed  at  a  pressure  of  0.9 1 cm-2. 
Afterwards,  the  electrode  load  (active  material  +  binder)  and 
active  material  content  were  calculated  by  weight  difference.  The 
electrode  load  densities  were  in  the  range  2.88-4.80  mg  cm-2. 
Glass  micro-fiber  disks  impregnated  with  1  M  LiPF6  (EC:DEC,  1:1, 
w/w)  electrolyte  solution  were  the  electrode  separators.  All  cells 
were  assembled  in  a  MBraun  dry  box  under  argon  atmosphere  and 
water  content  below  1  ppm.  The  galvanostatic  cycling  was  carried 
out  in  the  2.1 -0.003  V  potential  range  at  a  constant  current  of 
C/10  (corresponding  to  a  capacity  of  372mAhg-1  in  lOh)  during 
50  cycles  versus  Li/Li+,  using  a  biologic  multichannel  VMP2/Z 
potentiostat/galvanostat. 

3.  Results  and  discussion 

The  cycling  behaviour  of  A/CVP/1 800-2700,  B/CIQ1/2000-2600 
and  B/CIQ5/1 800-2600  electrode  materials  is  presented  in  Fig.  1  a-c. 
For  comparison,  that  corresponding  to  the  petroleum-based  SG 
synthetic  graphite  of  reference  is  included  in  Fig.  la.  Firstly,  it 
is  should  be  remarked  that  some  of  the  graphite-like  materials 
prepared  in  this  work  from  the  unburned  carbon  concentrates, 
specifically  A/CVP/2700  and  B/CIQ5/2600,  have  provided  reversible 
capacities  similar  to  SG  graphite  of  reference  (approximately 
310mAhg_1  after  50  cycles,  Fig.  1).  Moreover,  all  of  them  show 
a  remarkable  stable  capacity  along  cycling  with  capacity  keeping 
values  in  the  range  90-99%  after  50  cycles. 

Lithium  intercalation  into  the  A/CVP/2700  and  B/CIQ5/2600 
electrode  materials  takes  place  in  the  voltage  range  below  0.2  V 
(Fig.  2a).  The  Li+  insertion  profiles  of  these  materials  were  much 
the  same  to  that  of  the  reference  graphite,  SG.  As  can  be  appre¬ 
ciated,  all  of  them  show  three  intercalation  plateaus,  thus  being 
the  typical  observed  with  graphite.  A  comparison  of  the  differential 
capacity  (absolute  value,  derived  from  the  first  cycle  discharge  data) 
versus  potential  plots  in  Fig.  2b  makes  this  similarity  more  evident 
and  in  addition  to  the  expected  peaks  at  the  voltage  plateaus  of 
approximately  0.19  V,  0.10  V  and  0.06  V,  allows  to  observe  another 
peak  of  very  low  intensity  at  approximately  0.13  V  what  has  been 
assigned  to  the  coexistence  of  lithium  intercalation  stages  3  and  2L. 
This  transition  stage  was  found  to  appear  only  in  graphitic  mate- 
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Fig.  1.  Extended  galvanostatic  cycling  of  A/CVP/1 800-2700  and  SG  (a),  of 
B/CIQ.1  /2000-2600  (b),  and  BCIQ5/1 800-2600  materials  (c). 


rials  with  high  degree  of  crystallinity  and  structural  homogeneity 
in  which  disordered  carbon  phases  were  not  present  [22].  In  this 
sense,  mainly  lamellar  graphitic  structures  were  imaged  by  HRTEM 
in  A/CVP/2700  and  B/CIQ5/2600  materials  [11]. 

By  comparing  the  galvanostatic  cycling  results  (Fig.  1)  and  the 
XRD  and  Raman  parameters  of  the  materials  prepared  in  Table  1, 
it  is  evident  that  those  with  higher  degree  of  structural  order 
deliver  larger  lithium  storage  capacity.  Thus,  reversible  capacity 
values  of  308  and  185mAhg-1  were  calculated  after  50  cycles 
for  A/CVP/2700  and  A/CVP/2200  electrode  materials  with  crys¬ 
tallite  sizes  in  the  c  direction  Lc  of  approximately  28  nm  and 
13  nm,  respectively;  the  corresponding  interplanar  spacing  being 


Fig.  2.  First  Li+  intercalation/de-intercalation  (a)  and  differential  capacity  from  the 
first  cycle  discharge  versus  potential  of  A/CVP/2700,  B/CIQ5/2600  and  SG  materials 
(b). 


Table  1 

Interplanar  distance  doo2,  crystallite  sizes  Lc  and  La,  and  Raman  ratio  JD/Jt  of  the 
materials  prepared  from  A/CVP,  B/CIQ.1  and  B/CIQ5  unburned  carbon  concentrates 
by  HTT  and  of  the  SG  synthetic  graphite  of  reference. 


Material 

d002  (nm) 

Lc  (nm) 

La  (nm) 

VM%) 

A/CVP/1800 

0.3419 

7.5 

- 

45.1 

A/CVP/2000 

0.3412 

8.5 

- 

34.3 

A/CVP/2200 

0.3390 

12.6 

- 

22.9 

A/CVP/2300 

0.3378 

18.7 

- 

16.9 

A/CVP/2400 

0.3382 

18.9 

- 

16.4 

A/CVP/2500 

0.3372 

26.7 

52.5 

16.0 

A/CVP/2600 

0.3368 

31.0 

53.2 

12.5 

A/CVP/2700 

0.3370 

27.5 

51.2 

12.1 

B/CIQ1/2000 

0.3420 

8.8 

21.7 

42.6 

B/CIQ1/2300 

0.3389 

16.7 

44.5 

19.4 

B/CIQ1/2500 

0.3381 

20.1 

46.9 

16.7 

B/CIQ1/2600 

0.3377 

22.6 

46.6 

15.4 

B/CIQ5/1800 

0.3420 

7.8 

- 

53.0 

B/CIQ5/2000 

0.3410 

9.3 

- 

33.9 

B/CIQ5/2200 

0.3397 

11.5 

45.9 

19.7 

B/CIQ5/2300 

0.3384 

16.7 

51.9 

17.3 

B/CIQ5/2400 

0.3382 

18.3 

50.3 

15.9 

B/CIQ5/2500 

0.3375 

23.0 

51.2 

14.7 

B/CIQ5/2600 

0.3373 

24.8 

51.2 

14.8 

SG 

0.3361 

50.4 

61.1 
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Table  2 

Textural  properties  and  first  cycle  irreversible  capacity  of  A/CVP/1 800-2700, 
B/CIQ1/2000-2600  and  B/CIQ5/1 800-2600  materials  and  of  the  synthetic  graphite 
SG. 


Material 

BET  surface 
area  (m2  g-1) 

Total  pore 
volume 
(mm3  g-1) 

Irreversible 

capacity 

(mAhg-1) 

Irreversible 
capacity  (%) 

A/CVP/1 800 

5.9 

2.2 

58 

37 

A/CVP/2000 

6.2 

1.8 

46 

31 

A/CVP/2200 

6.2 

2.4 

62 

25 

A/CVP/2300 

5.5 

2.1 

48 

24 

A/CVP/2400 

6.3 

2.9 

85 

24 

A/CVP/2500 

7.1 

2.7 

85 

21 

A/CVP/2600 

7.1 

2.8 

75 

21 

A/CVP/2700 

7.5 

2.9 

86 

22 

B/CIQ.1/2000 

5.7 

2.1 

88 

39 

B/CIQ.1/2300 

7.4 

2.8 

115 

34 

B/CIQ1/2500 

7.1 

2.8 

127 

33 

B/CIQ1/2600 

8.0 

3.1 

146 

38 

B/CIQ5/1800 

5.9 

2.2 

74 

39 

B/CIQ5/2000 

6.2 

2.4 

110 

44 

B/CIQ5/2200 

7.2 

2.8 

93 

40 

B/CIQ5/2300 

7.4 

2.9 

139 

37 

B/CIQ5/2400 

7.7 

3.0 

125 

34 

B/CIQ5/2500 

8.7 

3.4 

128 

31 

B/CIQ5/2600 

8.3 

3.2 

142 

32 

SG 

3.1 

1.2 

94 

23 

0.3370  nm  and  0.3390  nm.  The  variation  with  the  relative  inten¬ 
sity  of  the  D  Raman  band  /D//t  follows  a  similar  tendency.  The 
decrease  of  this  Raman  band  is  related  to  the  improvement  of  both 
the  degree  of  structural  order  and  the  crystalline  orientation  of  the 
materials  [17-19,23].  To  explore  a  possible  correlation  between 
the  reversible  capacity  and  the  crystallinity  of  the  electrode¬ 
forming  materials,  linear  regression  analysis  were  performed  with 
the  data  appearing  in  Table  1  and  Fig.  1  (after  50  cycles)  for 
the  A/CVP/1 800-2700,  B/CIQ5/1 800-2600  and  B/CIQ1/2000-2600 
materials.  Reasonably  good  linear  correlations  with  R2  values  in 
the  range  0.91 0-0.980  and  0.851-0.984  were  attained  for  the  inter¬ 
layer  spacing,  d002,  and  the  crystal  thickness,  Lc,  of  these  materials. 
In  the  case  of  the  Raman  parameter,  JD/Jt,  the  correlation  was 
restricted  to  the  A/CVP/1 800-2700  and  B/CIQ1/2000-2600  mate¬ 
rials  with  R2  of  0.899  and  0.957.  Unlike  the  reversible  capacity,  no 
specific  influence  of  the  electrode  material  structure  on  the  battery 
cyclability  was  observed.  Thus,  after  the  SEI  formation,  the  inter¬ 
calation  of  the  lithium  ions  into  the  aromatic  layers  of  all  of  the 
materials  prepared  was  almost  totally  reversible  (Table  1,  Fig.  1). 
Their  graphite-like  structure  as  well  as  negligible  porosity  (Table  2), 
which  was  reported  to  influence  the  lithium  insertion  [24],  can 
explained  this  behaviour.  In  a  recent  study,  graphitized  carbons 
of  variable  degree  of  crystallinity  and  morphology  have  also  shown 
comparable  retention  capacity  along  galvanostatic  cycling  [12]. 

The  dependence  of  the  electrochemical  intercalation  of  lithium 
in  well-ordered  (graphite-like)  carbon  materials  prepared  from  dif¬ 
ferent  precursors  on  their  XRD  crystal  structure  has  been  previously 
studied  by  other  authors  [12-15].  The  crystal  thickness,  Lc,  was 
reported  to  be  the  most  important  factor  affecting  the  extent  of 
the  reversible  capacity.  As  in  the  work  discussed  here,  a  tendency 
of  these  materials  capacity  to  increase  with  Lc  was  observed  [13,15], 
but  no  specific  correlation  between  the  electrode  capacity  and  the 
crystal  thickness  or  other  crystalline  parameters  of  the  materi¬ 
als  was  established  in  these  studies.  However,  when  graphite-like 
materials  of  high  degree  of  crystallinity  obtained  from  different 
precursors  were  considered,  this  tendency  was  not  followed  at  all 
and  thus,  larger  capacities  were  delivered  by  materials  with  lower 
[12]  or  similar  [14]  Lc  values.  In  this  sense,  as  mentioned  above, 
A/CVP/2700  and  B/CIQ5/2600  materials  have  provided  reversible 


Fig.  3.  SEM  images  of  A/CVP/2700,  B/CIQ5/2600  and  SG  materials. 


capacities  similar  to  SG  graphite  with  a  much  higher  Lc  crystal  size 
(Table  1 ).  Since  the  La  crystal  size  calculated  for  SG  graphite  is  also 
higher  and  as  expected  it  shows  a  lower  /D //t,  the  good  performance 
as  electrodes  in  lithium-ion  batteries  of  these  high  ordered  car¬ 
bon  materials  should  be  also  related  to  other  non  structural  factors. 
Among  them,  the  influence  of  the  graphite  morphology  on  its  elec¬ 
trochemical  performance  has  been  widely  studied  [  1 2,1 3,25-29].  In 
an  attempt  to  go  insight  this  issue,  the  morphology  of  A/CVP/2700, 
B/CIQ5/2600  and  SG  was  studied  by  SEM  and  the  corresponding 
micrographs  are  given  in  Fig.  3.  Unlike  SG  graphite  of  reference, 
both  A/CVP/2700  and  B/CIQ5/2600  materials  have  an  irregular  par¬ 
ticle  shape  with  no  flakes.  This  type  of  particle  morphology  has  been 
suggested  to  improve  the  battery  performance  through  the  forma¬ 
tion  of  enough  voids  between  the  particles  in  the  pressed  electrode, 
thus  allowing  a  good  percolation  of  the  electrolyte  solution  to  reach 
all  of  the  electrode  active  mass  and  therefore,  the  surface  through 
which  the  Li  intercalation  occurs  [26]. 
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The  irreversible  charge  losses  (irreversible  capacity,  Cirr)  dur¬ 
ing  the  first  discharge-charge  cycle  of  the  materials  prepared 
are  reported  in  Table  2.  The  absolute  values  of  this  electrochem¬ 
ical  parameter  are  <150mAhg-1.  Specifically,  values  of  Cirr  of 
86mAhg_1  (22%)  and  142  mAhg-1  (32%)  were,  respectively,  calcu¬ 
lated  for  A/CVP/2700  and  B/CIQ5/2600  which,  as  mentioned,  have 
shown  the  best  cycling  behaviour  with  reversible  capacities  similar 
to  SG  graphite  (Fig.  1).  Unlike  previous  reported  data  [30-32],  no 
relation  between  the  BET  specific  surface  area  or  the  active  surface 
area  (ASA)  as  indirectly  estimated  from  the  structural  parameters 
(ASA  corresponds  to  the  cumulated  area  of  the  different  type  of 
defects  present  on  the  carbon  surface)  and  the  irreversible  con¬ 
sumption  of  Li  could  be  established  for  the  materials  studied  in 
this  work,  particularly  when  all  of  them  are  considered  together 
(Tables  1  and  2). 

4.  Conclusions 

The  graphite-like  materials  prepared  from  the  unburned  carbon 
concentrates  by  high  temperature  treatment  provided  reversible 
capacities  up  to  ~3 10 mAhg-1  after  50  discharge-charge  cycles, 
these  values  being  similar  to  those  of  oil-derived  graphite  used 
as  reference.  Moreover,  they  showed  a  remarkable  stable  capacity 
along  cycling  and  low  irreversible  capacity.  Apparently,  both  the 
high  degree  of  crystallinity  and  the  irregular  particle  shape  with 
no  flakes  appear  to  contribute  to  the  good  anodic  performance  in 
lithium-ion  batteries  of  these  materials,  thus  making  feasible  their 
utilization  to  this  end. 
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